Background: Despite recent advances in chronic hepatitis C (CHC) treatment, only a small proportion of patients are connected with care and receive treatment. Internal medicine (IM) residents spend nearly one-third of their training in primary care settings and play a crucial role in diagnosing and counseling patients as well as linking patients with care and following up.
Introduction
An estimated 2.7 -3.9 million people in the United States (US) have chronic hepatitis C (CHC) [1, 2] . Among those with CHC, an estimated 38% are given referrals to see specialists, 11% received treatment and only 6% were cured [3] . The deficiency in the linkage to care and treatment rate has been attributed to patient perception of tolerability, the asymptomatic nature of the initial phase of the disease, fear of side effects associated with medications, limited access to specialists, and the expensive price of medications [4] [5] [6] [7] .
Resident physicians play an important role in health care delivery in the US. A total of 26,381 resident physicians were rotating in internal medicine in the academic year of 2015 -2016 [8] . Residents are required to spend one-third of their training in an ambulatory care setting encountering patients [9] . While previous studies have attempted to understand the barriers to CHC treatment from the perspective of primary care providers, no study has assessed the knowledge, attitudes, practices, and perceptions of resident physicians regarding CHC treatment and its barriers.
Methodology
Resident physicians in their first, second, and third year of training in internal medicine in an academic community hospital were asked to complete an anonymous online questionnaire regarding their knowledge, attitudes, and practices associated with CHC and its treatment. The questionnaire also included their perception of barriers to CHC treatment. The residents were asked to complete the questionnaire based on their existing knowledge and practice without the use of any additional resources to influence their answers. A descriptive analysis of the results was conducted and presented as percentages.
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reported interacting with 10 to 50 patients with CHC. Only 43% of residents ordered hepatitis C screening for patients between 15 and 65 years of age, and 77% screened individuals born between 1945 and 1965 (i.e., Baby Boomers). In contrast, 90.3% of the screened patients had histories of IV drug abuse, and 90% of the screened patients had histories of human immunodeficiency virus (HIV), as shown in Table 2 .
Of the 83 participants, 66 residents (79%) knew that CHC is curable, while 15 (18%) thought it was only curable in certain conditions, as shown in Table 3 .
Eighty percent of the residents were aware that there is treatment for CHC in the setting of co-infection with HIV. Nearly two-thirds of the residents knew that there are treatment modalities available for chronic kidney disease (CKD), liver cirrhosis, and depression, while only one-third knew that decompensated liver disease can be treated, as shown in Table  4 . Ninety percent of the residents were aware of the impact of genotype on treatment selection and duration. Interestingly, more than one-third of the participants believed that patients with CHC who fail to respond to the initial treatment might require maintenance treatment.
With respect to practice, 78% of the participants reported ordering hepatitis A and hepatitis B titers in every patient with CHC; the rest of the residents reported ordering the test often or most of the time. Similarly, 84% of the residents asked every patient with CHC about alcohol use, while the rest asked patients most of the time or often.
As shown in Table 5 , the residents identified multiple difficulties in engaging patients in discussions regarding CHC treatment. More than half of the participants reported that patients do not see a need for treatment, and nearly two-thirds responded that the patients are only interested in discussing the main reason for their primary care visit. One-third of the residents felt that the patients became offended when they discussed their hepatitis status. Thirteen percent felt that they lacked the knowledge to conduct a lengthy discussion and instead deferred the discussion to specialists.
Nearly 75% thought that their patients have a poor understanding of the disease progression, and a similar number of residents attributed this lack of knowledge to a lack of symptoms in the initial phase of the disease. Two-thirds of the residents viewed the need for multiple visits for evaluation as a barrier to treatment. Half of the residents stated that lack of insurance coverage contributed to the low rates of treatment as well as the fact that their patients did not feel that they needed to be treated. One-third of the residents believed that their patients are afraid of side effects, and a similar number viewed psychological illness as an additional barrier to treatment.
From their practice, two-thirds of the residents reported that the patients are not aware that cures are available and still believe that interferon is being used (Fig. 1) . More than half of the residents spent 2 to 7 min counseling their patients about CHC and the available treatment options, while 27% reported spending more than 7 min in counseling.
Emphasis on duration of treatment and outcomes was the most important factor to increase the patient's linkage to care in the opinion of 92% of the participants. Eighty-eight percent and 83% thought that proper patient education about the disease and support groups, respectively, would be helpful.
Several barriers to treatment from the patient prospective are shown in Table 6 , and the factors that influence whether or not a referral is given from the resident perspective are given in Table 7 .
Discussion
Chronic HCV infection is the most common cause of cirrhosis, HCC, liver transplantation in the United States [10] . Unfortunately, only a minority of HCV-infected individuals receive treatment as a result of several barriers to care. Therefore, it is pivotal to assess the knowledge and insights of healthcare providers to bridge these deficiencies in care. Our study provides insight into CHC management and its challenges from Resident physicians play an important role in health care delivery in the US and spend a significant time of their training in outpatient settings. In our study, the majority of the residents reported encountering between 10 and 50 hepatitis C patients in the last year. However, there was some uncertainty amongst the residents regarding the population that needed to be screened for hepatitis C, including individuals born between 1945 and 1965 and intravenous drug users (IVDU). This is particularly important since Shalmaniv et al showed that IVDU is the most common route of HCV infection in the US [10] .
A study conducted by Falade-Nwulia et al showed that a majority of primary care physicians (PCPs) (89%) referred HCV-infected patients to subspecialty clinics [11] . Market surveys in the US by Shiffman et al reported that 80% of HCV patients are managed by 20% of gastroenterologists [12] . Dubin et al, however, showed that specialist referrals of diagnosed HCV patients had failed to surpass 50% in several cross-sectional studies [13] . In our study, referrals to specialists were common; however, residents had varying opinions regarding the reasons for these referrals.
Falade-Nwulia et al reported that the majority of PCPs (77%) were aware of the availability of new oral direct-acting agents, and more than two-thirds of them (67%) had correctly identified HCV genotype as an important part of the HCV treatment decision [11] . However, a significant proportion of residents were unaware of the available treatments for CHC in the setting of varies comorbidities. This was true despite that more than two-thirds of them felt like they had either fair or excellent knowledge of current recommendations. There are recommendations from a number of international societies for HCV infections including the American Association for the Study of Liver Disease (AASLD), the European Association for the Study of Liver (EASL), and the Asian Pacific Association for the Study of Liver (APASL) with promising treatment outcomes in HCV patients with several comorbidities.
Other prior surveys have shown that patient-level factors are viewed as the greatest obstacles to treatment [14] [15] [16] . This is consistent with our study, where nearly three quarters of the residents felt that the patients did not know the fate of untreated hepatitis C, and one-third of the participants felt that the patients were not even aware that it could be cured. In fact, the majority of the residents thought that their patients were not aware of the newer treatments. Poordad et al reported that patient-level barriers also included concerns regarding treatment duration and antiviral effectiveness [17] . This is significant given that previous treatment with pegylated interferon plus ribavirin removed the virus in 54-56% of all treated patients, as measured at a 6-month follow-up [18] [19] [20] , compared with current direct acting antivirals (DAAs) therapy, which is effective in more than 95% of patients after only 12 weeks of therapy. Furthermore, fear of treatment-related side effects was the most frequently cited barrier to initiating therapy in our study. This fear is not unfounded; nearly all patients will experience at least one treatment-related side effect, and nearly 10-14% of patients will discontinue treatment as a result [17] . Though side effects are common, appropriate pretreatment counseling along with a structured plan for monitoring and management may help alleviate such fears and help with compliance [21] . Some other perceived barriers in our study included patients' unwillingness to discuss HCV treatment, where the main reasons for the PCP visit, lack of insurance, and need for prior authorization of medications are discussed instead.
Previous studies of healthcare providers by Zickmund et al have demonstrated significant knowledge gaps related to HCV; therefore, inadequate physician knowledge is a known barrier to care [22] [23] [24] .
From the perspective of the residents, several steps like proper patient education and emphasizing the shorter duration and excellent outcomes of newer treatments can be carried out to engage patients in treatment.
Ultimately, patient and provider education, increased awareness, and treatment promotion are necessary if progress is to be made in the global fight against HCV infection [24] .
Conclusion
Internal medicine residents in training are at the forefront of CHC patient care, and assessing their knowledge, attitudes, and practices will improve understanding and mitigate the different challenges associated with CHC treatment. Future guidelines and policies should involve these residents in training -a population that represents a skilled workforce of more than 26,000 physicians -in the battle against HCV. 
